C lear recognition of the implications of outdoor air pollution on health is a relatively recent development. Numerous epidemiological studies have demonstrated short term associations between high levels of air pollution and increased acute mortality and morbidity. [1] [2] [3] [4] [5] [6] Relations between asthma, bronchitis, cardiovascular conditions (that is, coronary disease), headaches, and outdoor pollution rates have so far been described. [7] [8] [9] In the recent years, the variety and rates of pollutants in the atmosphere have appeared to be on the increase. 7 The increase has been caused by the general rise in vehicle traffic. Short term meteorological conditions such as air temperature, humidity, and atmospheric pressure have also been shown to influence the pollution rates.
The aim of the study was (1) to investigate short term association between the number of ophthalmological emergencies, urban air pollution, and climatic conditions in Paris; (2) to determine the possibility of creating a surveillance system capable of monitoring trends in the relation between air pollution and ophthalmological emergencies.
Data collected were the daily number of examinations in the ophthalmological emergency department of the QuinzeVingts National Centre of Ophthalmology, Paris, from 1 January 1999 to 31 December 1999. In addition to the overall daily number of examinations, one tenth of the daily clinical diagnoses were randomly selected, computerised, and classified into three categories consisting of medical emergencies, ocular traumas and surgical emergencies, conjunctivitis and related ocular surface problems. We included in the latter category discomfort eye syndrome, which includes a series of minor subjective symptoms (heaviness of the lids, foreign body sensation, burning, stinging, photophobia) in patients where no relevant clinical signs are observed. 10 Medical emergencies, as well as trauma and surgical emergencies, were used as "control diagnoses," for which we did not expect to find any association with environmental factors.
The pollutants measured in this study were provided by the Paris air pollution network, AIRPARIF. Five major urban air pollutants were examined: nitrogen oxide (NO), nitrogen dioxide (NO 2 ), ozone (O 3 ), sulphur dioxide (SO 2 ), particles with a median aerodynamic diameter of <10 µm (PM10). Meteorological data for the Paris area were provided by the national weather service, MeteoFrance. These data consisted of the daily minimum and maximum temperature, the daily minimum and maximum humidity, the mean daily atmospheric pressure, wind speed and strength.
We considered two separate types of models for analysing ophthalmological and environmental data. We first used the series of the daily number of conjunctivitis and related ocular surface problems and built a logistic regression model with the ratio of this number to the daily total number of randomised diagnoses as the dependent variable. Pollution and meteorological covariates, as well as the dummy indicators detailed above, were included in a stepwise procedure which allowed for selecting the "best model." We studied various lags (0, 1, 2, and 3 days) for the covariates to account for a potential delay between the exposure and the effect on the eye. Then, we designed a model to predict the occurrence of peak numbers of examinations. For each category of diagnoses and for the total number of examinations in the emergency department, the series were categorised into peak days (when Table 1 Air pollution, weather, and ophthalmological data, Paris, January 1999 to December 1999 (n = 361 days, excluding the 4 day solar eclipse period 9-12 August)
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the value of the series for that day was above the 75th percentile of the distribution) and normal days (when it was below). Logistic regression models were used to predict the occurrence of peaks, including the environmental parameters and a dummy indicator for each day of the week as covariates. Separately for each of the four series considered, the "best model" was built by a stepwise procedure which retained the covariates that were the most appropriate to explain the observed peaks. A total of 30 883 patients were examined in the emergency department of the Quinze-Vingts National Centre of Ophthalmology during year 1999 and 3042 diagnoses were recorded in the randomisation process. Among these, 41.8% were categorised as conjunctivitis and related ocular surface problems, 25.0% as trauma or surgical emergencies, and 33.3% as medical emergencies. Summary statistics for the study are presented in Table 1 .
The relation between conjunctivitis and related ocular surface problems, air pollution, and meteorological parameters was strong. The oxidative environmental pollutant NO 2 , as well as the maximum temperature of the day and instant wind strength, were associated with conjunctivitis and other ocular surface diseases ( Table 2 ). The medical emergencies were associated with the day of the week only (p <0.001) and the trauma or surgical emergencies were not associated with any of the covariates tested. Hence, no association between environmental factors and our "control diagnoses" was retrieved at the 5% level.
Of the 361 days of the study period, excluding the eclipse period, 276 days (76.4%) were considered as normal days for the total number of visits to the emergency department (less than 92 patients were seen), and 85 (23.5%) were considered as peak days. The selection procedure of the logistic model retained several environmental variables: NO, NO 2 , atmospheric pressure, minimum humidity, and average wind speed. The sensitivity was 48.2% and the specificity was 93.4%, corresponding to a positive predictive value of 69.5% and a negative predictive value of 85.4%. As regards specific diagnoses-namely, conjunctivitis and related ocular surface problems, medical emergencies, trauma, and surgical emergencies, the selected models were not appropriate to predict the occurrence of peaks, and the resulting sensitivity was less than 2%.
A survey of the literature shows that very little information is available regarding the effects of air pollution on the eye compared to the pulmonary system. Some of these data come from experimental studies in which pollutants were used on human volunteers or animals in arbitrary doses or even in higher than those ever expected during episodes of air pollution. 11 12 Concerning the direct effect of air pollution on the eye, most of the studies dealt with the conditions of the ocular surface, and used eye irritation as the criterion for the effects of the air pollutants. 13 Manifestations can range from minimal or no symptoms to chronic discomfort and eye irritation, 1 11 14 reduction of visibility, and increased light sensitivity. 15 There may also be specific situations, for contact lens wearers, for example, where the eyes may be adversely affected by air pollution. 16 This study suggests that high levels of air pollution experienced in Paris are linked to short term increases in the number of people visiting ophthalmological emergency department. The present results are in agreement with those of other short term epidemiological studies concerning health problems. Significant correlations between visits for asthma and SO 2 , NO 2 , and PM10 has been demonstrated. 17 Moreover, the association between carbon monoxide (CO), NO 2 and coronary events, hospitalisations and mortality, has been shown in a large epidemiological study. 7 However, our results indicate a strong relation between air NO, NO 2 concentrations, and conjunctivitis. NO is released in the atmosphere from vehicles, which are the main sources of atmospheric NO. 18 NO and NO 2 are primary pollutants which undergo various complex atmospheric reactions to generate secondary pollutants (that is, O 3 ) which are known to cause severe adverse effects on human health. The typical sequence in the development of oxidant pollution is an initial increase in nitrous oxide, followed by nitrogen dioxide, followed by ozone. These pollutants can be carried long distances and may have long range effects. Nitrogen dioxide is known as a deep lung irritant. 17 Changes in the lacrimal pH, such as those produced by acidification of tears in an atmosphere with a high oxidant power (NO, NO 2 , SO 2 ), could thus exert irritant effect on the ocular surface. 19 Furthermore, we find that atmospheric pressure, minimal humidity, and wind speed may have direct mechanical or biological effects on the ocular surface and could thus increase the incidence of ocular surface complaints. We could thus hypothesise that the ophthalmic effects of air pollutants and allergenic pollens can be enhanced by hot weather conditions. On the other hand, other parameters such as low humidity, and wind strength may directly affect tear film stability.
In this study, we were able to use environmental data as predictors for the occurrence of the peak number of visits to an ophthalmological emergency department, and predicted more than half of the observed peaks, with high specificity (93%). The next step would be to try to establish an operational early warning system within the hospital to issue forecasts of the incoming number of patients, Table 2 Relative risks estimates of conjunctivitis for an increase from the 5th to the 95th percentile of a pollution variable adjusted on the day of the week. The univariate model is adjusted on the day of the week. The multivariate model includes all environmental covariates and the day of the week, the most significant of which are selected by a stepwise procedure one or several days in advance. However, we were not able to predict the occurrence of peaks in the number of conjunctivitis and related ocular surface problems. This might be due to the small number of diagnoses randomised each day (around eight), from which the number of cases of conjunctivitis is derived. Indeed, in some of the "peak days" defined by our algorithm (using the 75 percentile cut off), the amount of conjunctivitis was not statistically different from that observed on "normal days."
In conclusion, our study suggests that the levels of air pollution experienced in Paris are linked to short term increases in the number of people visiting an ophthalmological emergency department. Prospective research is needed on the association between weather and air pollutants and allergens in order to improve air pollution models and their linkage with climate change scenarios, and closing gaps in the understanding of exposure patterns and ophthalmological effects. Such studies will help to determine the long term effects of air pollutants on the eye, which are currently unknown.
